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ABSTRACT
This study presents a taxonomic revision of some procolophonoid parareptiles and 
a detailed, global analysis of procolophonid intrarelationships. The poorly known 
genus Candelaria, from the Middle Triassic of Brazil, is identified on the basis of 
new material as an owenettid, rather than a procolophonid as previously thought. 
Thus, Candelaria represents the youngest owenettid and the first member of this 
group from South America. The cranium of Candelaria is also remarkable for 
having temporal fenestrae, and the significance of this character within the 
Parareptilia is discussed. Based on a comprehensive review of specimens referred 
to different Procolophon species, it is proposed that only the type species, 
Procolophon trigoniceps, is valid. Thus, Procolophon specimens from Brazil, 
South Africa, and Antarctica are all referable to P. trigoniceps. Consequently, P. 
trigoniceps has one of the broadest known geographic ranges among Triassic 
tetrapod species.
A comprehensive cladistic analysis of procolophonids more firmly resolves the 
relationships within that group. The analysis reveals that Procolophoninae and 
Leptopleuroninae are valid monophyletic groups, whereas Spondylolestinae is 
paraphyletic. The species formerly assigned to the genus ‘Thelegnathus’ from the 
Middle Triassic of South Africa, and those assigned to ‘Eumetabolodon’ from the 
Lower-Middle Triassic of China, are paraphyletic.
The poorly known Spondylolestes from the Dicynodon Assemblage Zone of South 
Africa is considered valid and possibly represents the only Permian procolophonid 
in Gondwana. A new species, Kitchingnathus untabeni, is identified in the 
Lystrosaurus Assemblage Zone of South Africa. It is a basal member of the 
Procolophonidae and co-occurs with Procolophon in the Upper Katberg 
Formation. The new taxon is characterized by the presence of a large number of 
thin, bicuspid teeth. Character optimisation indicates that bicuspid teeth were 
acquired independently in K. untabeni, and hence originated twice during 
procolophonid evolution. A review of procolophonid records worldwide reveals a 
fossil hiatus for members of this group in the Ladinian and most of the Carnian.
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Figure 1. Reconstruction of the skull of the owenettid parareptile Candelaria 
barbouri (Price, 1947) from the Middle Triassic of Brazil, based on UFSM 11076, 
UFSM 11131 and DGM 314R. (a) Dorsal view; and (b) left lateral view. 
Characters 1-5 relate to the temporal fenestra and are listed in the diagnosis. 
Abbreviations: a, angular; ar, articular; c, coronoid process; d, dentary; f, frontal, 
j, jugal; la, lacrimal; m, maxilla; n, nasal; p, parietal; pf, prefrontal; pm, 
premaxilla; po, postorbital; pof, postfrontal; q, quadrate; qj, quadratojugal; sa, 
surangular; sq, squamosal; st, supratemporal........................................................ 31
Figure 2. Stratocladogram of procolophonoid interrelationships, including ghost 
lineages (white extensions of black bars). The Owenettidae is a monophyletic 
taxon that includes Candelaria, while the Early Triassic taxa Coletta and 
Sauropareion are transitional forms between the Owenettidae and 
Procolophonidae. The phylogeny is based on a PAUP 3.1.1 (Swofford, 1993) 
analysis of the data matrix in Appendix 2, and represents one of two most 
parsimonious trees, chosen on the basis of greatest stratigraphic congruence, 
found using the branch-and-bound algorithm. Tree length=31 steps, consistency 
index=0.81, and rescaled consistency index=0.80. Biostratigraphy of South Africa 
from Rubidge (1995); southern Brazilian Triassic from Abdala et al. (2001); 
southern Brazilian Permian adapted from Langer (2000) and Malabarba et al. 
(2003). Hatchure indicates a sedimentary hiatus. Abbreviations: Cist., 
Cistecephalus; Cynog., Cynognathus; Dicyn., Dicynodon; Dinod., 
Dinodontosaurus; ‘Endo.’, ‘Endothiodon’; Lyst., Lystrosaurus; Procol., 
Procolophon; Travers., Traversodontid; Trop., Tropidostoma............................. 32 
Figure 3. Simplified cladogram of ‘anapsid’ reptiles, showing distribution (in bold 
face) of all known taxa which possess temporal fenestrae (see discussion). Skull 
outlines, from left to right, are: Stereosternum tumidum, Millerosaurus nuffieldi,  
Macroleter poezicus, Tokosaurus perforatus, Bradysaurus baini, Procolophon 
laticeps, Sauropareion anoplus, Owenetta kitchingorum, Candelaria barbouri,  
Lanthanosuchus watsoni and Acleistorhinus pteroticus; temporal fenestrae are 
shaded in black. Phylogeny adapted from Reisz and Scott (2002). Drawings not to 
scale....................................................................................................................... 33
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Figure 1. Life reconstruction of Procolophon trigoniceps. Note the presence of 
cheeks; quadratojugal processes covered by long keratinous spines; and large 
digging-claws. The skeleton of Procolophon entirely supports these features 
(Carroll and Lindsay, 1985; deBraga, 2003). Numerous minor keratinous spines 
are common over large or stocky-bodied modern lizards; these structures do not 
leave traces in the skeleton (e.g. Iguana, Phrynosoma, Uromastix; pers. obs.). The 
long quadratojugal and supratemporal spines of Procolophon may have acted as 
an anti-predatory mechanism, as in phrynosomatid lizards (Young et al., 
2004)..................................................................................................................... 58
Figure 2. BMNH R1726 holotype of Procolophon trigoniceps, cranium in dorsal 
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Figure 3. A, MCN PV1904 holotype of Procolophon brasiliensis, cranium in 
palatal view. B, UFRGS PV231T holotype of Procolophon pricei, cranium in 
palatal view. Scale bar represents 10 mm............................................................. 60
Figure 4. Palate of Procolophon trigoniceps specimens from the South African 
Karoo. A, CGP 1-89; B, BP/1/4014; C, BP/1/4248; D, NM QR1447; E, AMNH 
5693; F, BP/1/966. Arrows in C and F indicate posterior enlarged vomerine teeth. 
Arrows in D and E indicate the last tooth in the pterygoid-palatine tooth row. The 
mandible is in occlusion in BP/1/4248, NM QR1447 and AMNH 5963. Scale bar 
is 10 mm for A-E and 17 mm for F....................................................................... 61
Figure 5. Procolophon specimens with temporal fenestrae. A, CGP 1-127; B, 
BMNH R1949; C, BMNH R 3583 holotype of P. laticeps. Scale bar represents 10 
mm, arrows  indicate temporal fenestrae.............................................................. 62
Figure 6. Temporal fenestrae in Procolophon. A-D, CGP 1-127. E, F, BMNH 
R3583 holotype of P. laticeps. G-J, BMNH R1949. A, C, E, G, I, left lateral 
views. B, D, F, H, J, right lateral views................................................................ 62
Figure 7. Paroccipital process of the right opisthotic in Procolophon, in lateral 
view. A. BMNH R1949. B, CGP 1-127. C, BMNH R4087. A and B are 
individuals with temporal openings. Scale bar represents 5 mm.......................... 64
Figure 8. AMNH 9506, Procolophon trigoniceps from Shackleton Glacier, 
Transantarctic Mountains. A, skeleton in dorsal view. B, detail of palate in ventral 
view, arrow points to the depression between the vomers. Scale bars represent 5 
mm (A) and 2 mm (B)........................................................................................... 65
Figure 9. Comparison between A, Teratophon spinigenis (BP/1/4587), B, 
Eumetabolodon bathycephalus (IVPP V6064) and C, Procolophon trigoniceps 
(BP/1/5927b); showing differences in dentition. Scale bar represent 5 mm for A, 
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Figure 10. Procolophon trigoniceps, silicone impression of AM 358, a left hind 
limb in flexor aspect. The arrow in black shows the position where the fifth 
metatarsal should be located. The excellent preservation of this limb indicates that 
the absence of the fifth metatarsal in Procolophon is a natural feature rather than a 
post-mortem phenomenon as suggested by deBraga (2003). Although this 
specimen is smaller than other Procolophon individuals, all bones are well 
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Figure 1. Crania of procolophonids in dorsal (A-E) and right lateral (F-J) view, 
showing some characters used in this study (states indicated in brackets). A, 
Tichvinskia vjatkensis (PIN 954/1); B, Procolophon trigoniceps (NM QR3201); 
C, Neoprocolophon asiaticus (IVPP V866); D, Pentaedrusaurus ordosianus 
(IVPP V8735); E, Hypsognathus fenneri (YPM 55831); F, Tichvinskia vjatkensis 
(PIN 954/1); G, Procolophon trigoniceps (BMNH R4087); H, Neoprocolophon 
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